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24
Density driven flows, such as turbidity currents, build and maintain sinuous channels on the seafloor 25 that can extend for hundreds or thousands of kilometres (Wynn et al., 2007; Straub et al., 2008; Dorrell 26 et al., 2015) . Networks of these channels form the largest sedimentary landforms on the planet: 27 submarine fans (Covault, 2011) . The extent of mixing of suspended particulate material by turbulent 28 flow is known to provide a key control on the degree to which the sediment suspension is stratified in 29 these density-driven flows, yet stratification is also known to be a key control influencing the extent to 30 which these flows may propagate over such large distances (Dorrell et al., 2014) . As in rivers, the 31 mechanisms of mixing include: shear generated turbulence; unstable buoyancy gradient generated 32 turbulence; secondary (i.e., rotational) flow; particle-particle interaction; and, Brownian motion. (Dorrell et al., 2016 ). Here we demonstrate a new mechanism for mixing across 45 the slow diffusion zone in density currents in sinuous submarine channels, linked to temporal changes 46 in the structure of secondary flow fields. This novel mixing mechanism is believed to be unique to 47 sinuous submarine channels, with no equivalent in river systems. Furthermore, these temporal 48 changes in secondary flow have significant implications for bedload transport and channel evolution.
49
Secondary flow, which rotates normal to the primary flow downstream, is ubiquitous in straight and 50 sinuous channels (Nezu and Nakagawa, 1993; Peakall and Sumner, 2015) . However, in sinuous 51 channels the magnitude of secondary flow, and thus its affect on flow dynamics is enhanced, by 52 centrifugal and pressure gradient forces driving recirculating flow. In sinuous open channels the near-53 bed component of secondary flow is typically orientated towards the inner-bank of the channel bend 54 at bend apices (Rozovskii, 1957 ; Thorne et al., 1985) . However, in density driven flows near-bed 55 secondary flow is more complex; here secondary flow at bend apices may be orientated towards the 
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In Equation (1) the variables are defined as follows: L, the horizontal length scale of the flow (i.e. 
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(2) 5 = 5 + 5 9 , 6 = 6 + 6 9 and ; = ; + ;′. 
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As Re>8000 in the experiments conducted here, see Table 1 , all flows are considered fully turbulent. I 
